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® METHOD OF DISCRIMINATING NUCLEIC ACID AND TESTING SET FOR DISCRIMINATING NUCLEIC 
ACID. ? 
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© A method of discriminating nucleic acids by examining the presence or absence of variant genes m a 
nucleic acid, the ratio of normal genes to variant genes, or the identity among specified genes present m various 
samples, which method comprises amplifying a specified region of a target nucleic acid present in a specimen 
by the polymerase chain reaction using a pnmer bearing a detectable marker and a pnmer bearing a site 
capable of binding to a soiid-phase carrier, conducting competitive hybridization by adding the resultant nudcic 
acid as a marker sample ONA in at least an equimolar amount to a non-marker standard DNA of which the 
identity with the sample DNA is to be discriminated, and then measunng the marker intensity of the product of 
hybridization, A testing set for discriminating nucleic acids according to the above method composes a pmnei to 
be used for amplifying a target nucleic acid and comprising a primer bearing a detectable marker and a pnmei 
bearing a site capable of i:.:nd)ng lo a solid-phase carrier, ana a non-mat ker standard DNA of which the idontiiv 
with a gene amplified by V-^-e amplifying pnmer ts to be discriininated 
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Technical Field 



This invention relates to a method for differentiattng a nucleic acid and an assay kit for such nucleic 
acid-differentiaiion. More specifically, this invention relates to a nucleic acid differentiating method that is 

5 capatDle of directly and quickly evaluating a specimen for the presence/absence of a mutant gene m a 
nucleic acid as well as the ratio of mutant to normal genes and that enables various assays thai have been 
difficult to accomplish by conventional methods, for example, detection of a mutation at a non-specific site 
within a gene, detection of a small amount of abnormal cells containing a mutant gene in a mixture with 
normal cells, and determination of sequence matching of a particular gene in a plurality of samples: and an 

JO assay kit which may be used for nucleic acid-differentiation by the same method. 



Background Art 

Molecular biology and genetics have experienced a marked progress in recent years, and the findings 

75 accumulated in such fields would contribute not only to chemical/physical clarification of various 
phyenomena involved in life, but also to human lives, in particular, to medicine as a field and a practice. 
DNA medicine starting from DNA is expanding to a clinical field far beyond expectation. It is known today 
that almost all diseases are related to DNA, and a diagnosis on a genetic level has become indispensable. 
It IS now recognized that nearly all enzyme deficiencies that are known for many years as inborn errors 

20 Of metabolism are ascribed to diseases that are generally referred to as genetic diseases (molecular 
diseases). Detection of a mutation in a gene is quite effective for the diagnosis of such genetic diseases. 

Typical conventional methods for detecting a mutation in a gene that can be used when the site of the 
genetic mutation is already known include a detection method using an oligonucleotide probe (PNAS. 80. 
278, 1983): a method utilizing restriction enzyme polymorphism (Am. J. Hum. Genet.. 69. 201, 1980): and 

25 scission of a one-base mismatch in a RNA:DNA hybrid by utilizing ribonuclease (Science. 230. 1243. 1985). 
Mutation detection utilizing gene amplification was also developed (Proc. Natl. Acad. Sci. USA. 88. 189. 
1991): Anal. Biochem. 186. 64-68. 1990). These methods, however, can be used only when the base 
sequence has already been found out and are limited to the detection of a specific mutation. On the other 
hand. SSCP method (Proc. Natl. Acad. Sci. USA. 86. 2766. 1989). DGGE method (Proc. Natl. Acad. Sci. 

30 USA. 86. 232. 1989), and other methods were reported as methods for detecting a non-specific mutation 
(Site and base) in a certain region. These methods, however, use electrophoresis and are not necessarily 
practical when the ease and quickness of operation are taken into account. 

Then J. C. Nicolas et al. developed the following method as a system for detecting a non-specific 
mutation within a certain region of a nucleic acid (EP-A 362042 and Anal, Biochem.. 205, 193. 1992). First a 
biotin label is introduced into one of duplex strands m a nucleic acid fragment containing a region to be 
detected for mutation, and an FITC label is introduced into the other strand to thereby produce a labeled 
standard DNA. The labeled standard DNA is mixed with an excessive amount of a sample DNA containing 
an unlabeled nucleic acid fragment of the same region as the standard DNA. The mixture is heated for 
denaturing and then slowly cooled down (competitive hybridization). When a fragment with a base 

40 sequence in complete conformity with that of the labeled standard DNA is present in the sample, 
recombination of double stranded DNA occurs between the duplex strands of the labeled standard DNA and 
the duplex strands of the sample DNA, whereupon the amount of the labeled standard DNA having both the 
biotin label and the FITC label that has been initially present is reduced. On the other hand, when a 
fragment with a base sequence partly different from that of the labeled standard DNA is present in the 

45 sample, the aforementioned recombination between the duplex strands of the labeled standard DNA and the 
duplex strands of the sample DNA is less likely to occur so that the amount of the labeled standard DNA 
that* has been initially present remains substantially unchanged. Namely, this method is to judge whether or 
not a fragment containing the same base sequence as that of the labeled standard DNA is present, by 
observing a change from the initially added amount of the labeled standard DNA after the (competitive 

50 hybridization) procedure of mixing, denaturing, and annealing. 

In general, congenital hereditary diseases include dominantly transmitting diseases and recessively 
transmitting diseases. The former will express their phenotype even when genetic abnormality is present 
only Ml one of alleles (heteroallelic). while the latter will express their phenotype only when genetic 
abnormality is present in both alleles (homoallelic). In the case of recessive heredity, the genetic 

55 abnormality would not manifest as a disease when the genetic abnormality is present only on one of alleles, 
but with a fair chance that the descendant will inherit such genetic abnormality. Therefore, examination of 
goneiic abnormality is of great significance irrespective of homo hetero. Furthermore, in the typing of 
huinan leukocyte antigen (HLA), even if the alleles in a sample are determined to be homoallelic. a pnor art 
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method IS impossible to accurately confirm whether they are reallv h-,m«=ii»iv. tk 
establish such a confirmation method. ' homoailelic. There .s a demand to 

Still further, ,n carrying out genetic diagnosis of diseases such as cancer that are caus^ri h 
gene abnormality, i, is quite difficult to collect only cancer cells from a cancer le- - -. , 
always mixed therewith. ,f a mutant gene .o mutant cells can be dlctedTno r a "it a on^^^^^^^ 

t:.::^^:^:::::^- - s,gn,f.canrrergr^^^^^^ 
re:r:;xrd= 

acid are normal (heteroallelic) and the case where!n iTZ .Zl^ ?! "^""P'^ ""^'^i^ 

Disclosure of the Invftntinn 

.etect-ng'S pli^nroTLbT^^^^^^^^^^^ ^ ""^'^"^ ^^"^ -'^o^. which is capable of 

Whether such mu,ron ha oc u red on tSh or h " °' ^ - — « 

amount of mutant cells in a mi tu^ 1^1° itS ^lld d te m' " "'^''^ °' '^'^^^"^ ^ ^"^^^ 

and which is capable of confirming whethert^ ' ,t ,T , ^ ^"^ ' ' °' ^^^''s. 

s Of specimens; and an assay V^Z:^T:J^i::Z^T^ T''^'' ' ^'"'^"'^ 
acid differentiation method. "^^"^ Practice of the nucleic 

.arg: nrc^ic" ct^rctioTs^^^^^^^^^^ ra^ruc?" " T ^-^^'^^ ...ing a 

label introduced therein and a prmer hal'a s2 mat h ' ^'"^^ ' 
' see Japanese Patent Applicat^L iXn (JP A, Nor^:^^^^^^^^^^^^ 

-72a 199^ for example, whHema.ng an -ntenle C't^^^^^^^^^^^ ' LO- 

reac,r;..hTpt ^he'^v^fm:^^^^^^^^^ I^b^r ^ ""T ^"'"^^'^^ -P«'^-on 

normal gene w.thout such ^^^^1^^^^; 'abeled sample ONA. Separately a 
having the same base sequence as the lah^!? n k ^""P"''"""^" ^^a^tion with a pair of primers 

DNA. Next, the labeled s^T^^e L^ LT^^^^^^ ""''T ""'""'"^ ""'^'^^'^^ ^'-^--^ 

ONA, allowing competitive hybridization " '"^7 oil Thr T'7 °' ""'^'^^'^'^ 

sample DNA and the unlabeled standard ONA was deLrmllV. ,° ^""^P"^^'"^''"" between the labeled 
found that, by adding at least an eot^moiar arTo , T ' ""^ ^^'''^^ ^y^'^"^' » ^vas then 
DNA. no, only the presen^lr absence S trno ' . "^""'^''^'^^ ''^'^^^ 'o the labeled sample 
also whether such mutation hadlcu'^ n I T ^ ''^^"^"'^^ ^ene region, but 

mutation could be detected erwhen ^^Ipoln o^^ T °' ^letected. that the 

me proportion of the mutant gene c^rd be d^m^ I"! ^"<^ "^^^ 

method is applied for differentiation of sZi«c getsTtwo samo ^TT "'- " '"""'^ " ''^'^ 
sample DNA and the other DNA as the ^rJabeled landed ONA m , . "^^ '^'^'^^ 

these genes are identical with each other rwhether the« ^ ^"^ °' ^enes. that is. whether 

each other, and still further, how these qenesa^e d.lr^^^^^ T °' P"^"^"^ 

-ention has been completed baLd^such «S.ngs ''^^ P^^^"' 

labe^d^arr^N^.::;^^^^^^^^^^ - — method of mixing a 

hybridization, if a labeled sample onI - Ted w^an iZt ^^'^ '"'"^'"^ =°-Pet've 

and competitive hybridization is induced ^ 2 hi "'"^ °' ^" ""'^^^'^^ ^'andard DNA 

occurred, .rrespect've of th^ra ,o of mu'anno IrmT"' ^^T' '° °' -^^s 

correlation between the ratio of^ nTto norlrcen ' ^ ' ^ 
puantitating the molecule resulting frl coret.ife H K^j^^^ ''^^ measurement obtained by 

label and the detectable labe anrtha M^e ^o of r^, l^'.T ''^'"^ matrix-binding 
calculated from the measurement Fur herrTo.e t has beetl ed ^ fT "'^"^^'^ 
P..a..ty Of sample ONAs can be examined by ^0 IZ ^ 
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another DNA as the unlabeled standard DNA. The present invention has been completed based on such 
findings. 

According to the present invention, there is provided a nucleic acid differentiating method for differen- 
tiating a gene in a particular region of a target nucleic acid in a specimen, characterized by comprising the 
steps of preparing a labeled DNA by effecting gene amplification of the particular region of the target 
nucleic acid in the specimen by using target nucleic acid-amplifying primers comprising a primer having a 
detectable label introduced therein and a primer having a solid matnx-btnding site introduced therein, using 
the resulting labeled ONA as a sample DNA. using an unlabeled DNA soecimen to be evaluated for it 
matching with the sample DNA as a standard ONA. adding at least an equ.molar amount of said standard 
DNA to said sample DNA, effecting competitive hybndization. and thereafter measuring a degree of 
substitution between complementary strands of said sample DNA and said standard DNA by utilizing said 
detectable label and said solid matnx-bindmg site, thereby determining the matching between the nucleic 
acids. 

According to the present invention, there is also provided an assay kit for nucleic acid differentiation 
characterized by comprising target nucleic acid-amplifying primers comprising a primer having a detectable 
label introduced therein and a primer having a solid matrix-binding site introduced therein, and an unlabeled 
DNA specimen to be evaluated for its matching with the gene amplified product amplified by said primers 

The nucleic acid differentiating assay kit of the present invention may be used by mixing the primers 
for amplifying nucleic acid in the particular region of the target nucleic acid with a specimen, which has 
been subjected to a pretreatment such as cell disruption treatment if necessary: adding reagents required 
for nucleic acid amplification to the mixture to effect the amplification of the target nucleic acid in the 
specimen; adding said unlabeled DNA specimen to the amplified product to effect competitive hybridization- 
trapping the hybnded DNA on a matrix by utilizing said solid matrix-binding site; and effecting measurement 
by utilizing the detectable label. In this regard, a assay kit for nucleic ac.d differentiation is obtained when 
reagents and materials as used in ED-PCR method, for example, a cell disruption reagent, a reagent for 
nucleic acid amplification, and a matnx for trapping the hybnd are added to said target nucleic acid- 
amphfying primers and said unlabeled ONA specimen. 

The preferred embodiment of the present invention will be clearly understood by reading the follow.no 
description. ^ 

Bnef Description of the Drawings 



FIG. 1 is a schematic view illustrating a nucleic acid differentiation method as applied to all nor-ai 
nucleic acids. (A) showing the method of the present invention and (B) showing a prior art methoa lof 
35 Nicolas et al.). 

FIG. 2 IS a schematic view illustrating a nucleic acid differentiation method as applied to nucleic acids 
one-half of which are mutant. (A) showing the method of the present invention and (B) showing a prior art 
method (of Nicolas et al.). 

FIG. 3 is a schematic view illustrating a nucleic acid differentiation method as applied to all mutant 
40 nucleic acids. (A) showing the method of the present invention and (B) showing a prior art method (of 
Nicolas et al.). 

FIG. 4 is a graph showing the absorbance relative to the proportion of mutant in a sample ONA as 
processed by the nucleic acid differentiating method of the present invention. 

Best Mode for Carrying Out the Inventio n 

The nucleic acid differentiating method of the present invention is constructed such that as opposed to 
the conventional method wherein a labeled standard DNA .s mixed w.ih an excessive amount of an 
unlabeled sample DNA to effect competitive hybnd.zat.on. a labeled sample DNA is mixed w.th an 

50 excessive amount of an unlabeled standard DNA to effect competitive hybridization, and a degree of 
substitution between complementary strands m the sample DNA and the standard DNA is determined 
thereby enabling detection of the presence absence of a non-spec.f.c mutation within a particular region of 
the gene, as well as whether such mutation has occurred on both or either one of the alleles- detection of a 
slight amount of mutant cells in a mixture w.th normal cells, as well as the ratio of mutant to normal c^ils 

55 and confirmation of the matching of the particular alleles among a plurality of samples. 

Now the nucleic acid differentiating method of the present invention is theoretically descnbe'-i -n 
comparison w.th that of N.coias et al (tho method doscnbed m Anal Biocn-m.. 205. 193 1992) by i.Mr..- fv, 
to the schematic drawings. - ' j 
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sample .s amp„„ed us-ng a pa,r of primers comprismg a onme 'h? ° ''"^"^ "^"'-"o" - a 
there-r, an, a pr.a,er hav.r,g a solid ma.rix-bir,*nQ "abel Tm^m nr' '"'^^^^ced 
cfesignated labeled sample DNA l Separately Z t ^ '"'^oduced (herein, resulting in a produc. 

wjh t.e same base sequence, restrg ' a producTdLTnir''':? ^ -^^'^ °' ""'^''^'^'^ 

ppr- ^^^^^^ - 

.mourn o, m. „ig|„„ '^'"^ °" ' I""" >o ™«"e ,hl 

vjo. I ana d by mtxtng samole Dna ^ r^r ^* *u accordance with a Drocedurp ac 

^^^^^^ 
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Conventional method 



I Inventive method 



Table 1 



All genes a re normal 
0.048 



0.048 



Half genes a re mutant 
0.091 



0.512 



gen es are mutant 
1 



1 



As IS evident from Tabip i mo 

.... 3. . -~r - ;r::r 
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wherein half genes are mutant, and the example wherein all genes are rnutan:. with which ciea; dif(erofu»- 
ation among these example is possible. The measurements obtamed in the conventional method {Nicolas 
method) differ only by 0.043 between the example wherein all genes are normal and the example wherem 
half genes are mutant, with which clear differentiation between these examples is impossible. Additionally, a 

5 is theoretically recognized that the inventive method provioes a linear correlation between the proportion of 
mutant gene and the measurement. 

Accordingly, the nucleic acid differentiating method of the present invention can detect the pres- 
ence absence of mutation independent of the ratio of normal to mutant genes. In addition, since there is a 
linear correlation between the ratio of normal to mutant genes in a sample and the measurement obtained 

w by quantitating the molecule resulting from competitive hybridization and having both the solid matrix- 
binding label and the detectable label, the ratio of normal to mutant genes may be rather easily calculated 
from the measurement obtained. Furthermore, the inventive method can determine the matching of a 
particular gene in a plurality of DNA specimens by using the DNA specimens as the sample DNA and the 
standard DNA. 

75 As described above, the nucleic acid differentiating method of the present invention first carries out 
gene amplification in a particular region of the target nucleic acid in a specimen by employing target 
nucleic acid-amplifying primers comprising a primer having a detectable label introduced therein and a 
primer having a solid matrix-binding site introduced therein. 

The specimen to be assayed includes blood, tissue lesion and excretions such as feces and urine of 
20 human origin. When it is desired to carry out prenatal diagnosis, fetus cells in amniotic fluid or cells of 
cleaved oocyte in a test tube nnay be used as the specimen. The specimen may be used as such or if 
desired, prior to use, concentrated as a concentrate by centrifugation or the like, subjected to cell disruption 
by enzymatic treatment, heat treatment, surfactant treatment, ultra-sonication. or a combination thereof. In 
this regard, the cell disruption treatment is done for the purpose of exposing the DNA denved from the 
25 particular tissue of interest. The ceil disruption may be carried out in accordance with any of the know 
methods described in the literature such as "PGR PROTOCOLS". Academic Press Inc.. P14. P352, 1990. 
The specimen preferably contains the DNA of interest in a total amount of from about i to about 100 ug 
although less than l ug of DNA can still be amplified satisfactorily. 

Next, the target nucleic acid-amplifying primers consist of a primer having a detectable label introduced 
30 therein and a primer having a solid matrix-binding site introduced therein. The detectable label or the solid 
matrix-binding site may be introduced in the pnmer at a position that would not adversely affect the 
elongation efficiency of the primers. Preferred positions of introduction are a hydroxyl group near the 5*- 
terminal and an active group in the base or phosphodiester moiety. 

The detectable label employed herein may be e-ther radioactive or non-radioactive, with use of a non- 
35 radioactive substance being preferred. The non-rad . active labels that can be directly introduced include 
fluorescent substances such as fluorescein derivatives (fluorescein isothiocyanate etc.) and rhodamine and 
Its denvatives (tetramethylrhodamine isothiocyanate etc.); chemiluminescent substances (e.g.. acndine etc.); 
and substances exhibiting delayed fluorescence (DTTA manufactured by Pharmacia). 

Also the label may be indirectly detected by utilizing a substance that is capable of specifically binding 
40 with the label. The labels that can be used for such indirect labeling include biotin. iigands. particular 
nucleic acids or proteins, and haptens. In the case of biotin, avidin or streptavidin capable of specifically 
binding therewith may be used. In the case of haptens, antibodies capable of specifically binding therewith 
may be used. In the case of ligands, receptors may be used. In the case of particular nucleic acids or 
proteins, nucleic acids capable of specifically binding therewith, nucleic acid-binding proteins, or proteins 
J5 having affinity to the particular protem may be used. 

The haptens that can be used include compounds having a 2.4-dinitrophenyl group and digoxtgenm. 
Biotin or fluorescent substances may also be used as a hapten. Such labels may be introduced alone or m 
combination of two or more, if desire, by a well-known technique (see JP-A 59-93099. 59-148798 and 59- 
204200) The detectable label may be identical with the solid phase-binding site. 

When the target nucleic acid-amplifying primers are added to the specimen, gene amplification reaction 
based on elongation of the primers should take place if the target nucleic acid to be detected is present m 
the specimen. 

In this regard, the elongation of the primers proceeds in terms of incorporation by the primers of the 
four types of nucleotide tnphosphates (deoxyadenosme triphosphate, deoxyguanosme tnphosphate. deox- 
ycytidine triphosphate, and thymidine tnphosphate: a mixture thereof is sometimes referred to as dNTP) as 
the Substrates. 

In carrying out the elongation icactton. an ampMication reagent comprising ilie unit nuden: ?,cu^s 
described above and a nucleic acid-eiongating enzyme is generally employed for amplifying nucleic aci i 
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s recognition by the nrimers lo rirnT ! h specific.ty of target sequence 

1-314965 and 25S00T In ca" .no „ Z amp..f,cat.on reaction <,or n,ore deta.l. see JP-A 

prevent water froHv a^^ n To^tT^^^^^^^^^^ ""^^ T' '° ^^^^^ 
partitioned from water and has iler Z ' "^'^ ''^ ""^ °" "'^'^^ be 

m.nera, o„. Some gene aC ication appJat^^?^^^^^ '''^"^'^^^ -'-ne oi. and 

•0 pr..ers .ay .e proLted in iu^Ze":^:,:: '''' o- the 

e,ong:t,o:rc:iont:g n^ct-c r^i? a::rr -^'"'"^" ^'"^'^-"^ ^^-^'^^^^ -P-.*n9 .he 
gene amplification react^n mciud np reSln Jln^r ""'"'^"'"^ '^^"^^^"^^ "-V'"9 O"' 'he 

known methods descrit^ed .n Se^S Ire oVexI^^^^ T " ^'^'^"'^"^^ 

'5 8. NO. 9. ,990 and PCR Techno.ogrSton Pre^'ssg ' (Experimental Medicine). Yohdo-sha. 

and arjaTeCors^re:^^^^^^^^^^^^^ -P^-on as the sampie ONA 

standard DNA. at least an%p.mo,r „ o Vetand^^^^ ^'^^ "^^'^ - 

competitive hybridization sianaara UNA is added to the sample DNA to effect 

ON^IstaTone IVr^ ^ ^^^^^^^^^ '° -^'-^ — ^ ..th the sampie 

terminals of the unlabeled sta dlrONt mavT 1 T ,T °' '^"^'^ ''"th the 

used a standard DNA and a sampte DNA 1^ h ' ' '° ^^^-"'^^ '^^^r 

and st,„. the differentiafon asLy of ^uftUnt preS^^^ ^'"^ ''^^^ '--"-'s. 

5 seems preferable that the difference n t'and ZnZZr ?k ' ^''''""'^ it 

about 10 bases at each termmal arouQhte toils d?^^^^ ''^""^^'^ '^^^'^ -t^'" 

target gene or the like ^ '""^'^"'^^ somewhat varies with the sequence of the 

.nj:,r s:: rsre "a^sCret t't- °^ ^ ..ng 

' amplification reaction. The thus arplified oenfT k above-described primers used for gene 

vector ana propagating in E. CO, :rr.irFu"h!rmo 'T''' '"-^P°-'-9 *t in a plasmid 

legated before incorporating .n the P^smtl to faStl,^^^^^^^^^ °' ^enes may be tandem.y 

can be prepared by direct enzymaSc Version from i nr , P^^-'^^'-P"' Alternatively, the standard DNA 

■n some cases, by chemical synThe^ '° 9^"^ amplification, or 

able?; rSrrere? fSr Sem^^^^^^^^ - ^ — -gni. 

a sequence recognizable by the nctTenTvmr . ^'^^ '''^ ^^'"^ direction and 

introduced into a pair of prirnVs us^d for^^^^^^ ^''^'^'P" '^^ unlabeled DNA are 

(he restriction enzyme used for t^e tandeTit^^^^^^ their 5 -terminals. The sequence recognizable by 
preferably be one having an arymmet ic seTuer Z SeT.T '^^ ^^'"^ ^'-^'^ 

l.ke that recognizes 8 bases. The recognizab^ seouenr. h f k ""^ "'"^^ Preferably, Sfil or the 

DNA. The sequence recognizable byT's^nc iS enzv^^^^^^ '''' " ^'^ndard 

preferably one having a blun, end lef theTein Jtho 'o^ °' """""'"^ ^''^ 

used. The r.cogn.zable sequence selecteTshol be ,he one lat TT ''^ 
vector tha, transports the DNA may be any vector such as a ll"^ T ''^"'^^^^ ^'^'^ "^^^ 

0; a .ge copy number which can be prop^^ .nTc:,? L~ P^U^ffLr;/^^^^^^^ 

un.are.ra~rr^^^^^^^ — -a -rom the p.asm.d in which the 

"Sing a pa-r of primers having lo^TT^Ts Z^Z '^^'^ ^-^"'-^ 

enzyme for the tandem ligation of the sLnd rrgenesTn the am^^^^ recognizable by the restricting 

by the restnction enzyme used for the exc sion n! .h J . k? '"^ " recognizable 

restncfon enzyme for tandem ligatl The dZd eau J." f ='^^-9e w.th the 

Plurality Of standard ONAs are tandernly i^ ed t, - '° ' '"''"""'^^ ' 

having incorporated therein the standard ONAs .an^;:',; !^^^^^ «° prepare a p.asm.d 
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the sequence of the standard DNA. 

Next, according to the invention, competitive hybridization is earned out oetween the labeled sample 
DNA and the unlabeled standard ONA which is previously prepared by the above-mentioned procedure 
Both the ONAs should be denatured in the competitive hybridization while the denatunng technique is 

5 preferably a thermal or alkaline technique. Both the Df^As may be mixed together either immediately before 
denaturing or after denaturing. In the inventive method, at least an equimolar amount, typically a 5 to 20- 
fold molar excess amount of the unlabeled standard DNA should be added to the labeled sample DNA 
although the optimum ratio varies with the length, base sequence, degree of mutation of tne DNA. 

Furthermore, in the competitive hybndization. the solution should be adiusted to an optimum salt 

to concentration, which largely depends on the strand length. In general. SSC (20xSSC: 3M sodium chloride 
0.3 fVI sodium citrate) and SSPE (20xSSPE: 3.6 IVI sodium chloride. 0.2 M sodium phosphate. 2 mtvl EDTA) 
are used in hybridization and in the practice of the invention, these solutions may be used after dilutina to a 
suitable concentration. 

The competitive hybndization may be accomplished by mixing the labeled sample ONA and the 
15 unlabeled standard DNA which are denatured by the above-mentioned procedure, and slowly cooling the 
mixture from an elevated temperature. With respect to the temperature conditions, optimum conditions may 
be suitably determined in consideration of the length of DNA strands being hybndized, the base sequence 
the difference between the normal and mutant base sequences. One typical condition is to lower the 
temperature at a rate of 1 • C per 3 to 1 0 minutes in the temperature range from 98 • C to 58 • C. 
JO Next, the product of competitive hybridization is measured by the principle of ED-PCR method (see for 
example. JP-A 1-31496 and 1-252300 and J. Cl.n. Micobiol. 30, 1728, 1992). The ED-PCR method can 
express the presence of a dupfex strand nucleic acid as a signal only »/hen the strands of the duplex strand 
nucleic acid have different labels (or identical labels as the case may be). Therefore, in the above-descnbed 
product of competitive hybridization, the signal will become lower as the frequency of strand substitution 
?5 between the labeled sample ONA and the unlabeled standard ONA increases. In other words, the signal will 
become lower as the sample contains a larger proportion of the same base sequence as the unlabeled 
standard ONA in the region of interest. If desired, the label may be introduced into only one strand of the 
sample ONA and into the complementary strand of the standard ONA whereby a signal is developed when 
the sample ONA has a base sequence that matches with that of the standard DNA. namely when strand 
0 substitution occurs between the sample and standard ONAs. 

As described above, the product of competitive hybridization is measured, and then, sequence 
matching of the sample ONA with the standard DNA is determined from the measurements (to find out the 
piesence. absence of the mutant gene, the ratio of mutant to normal genes, any difference in base sequence 
between the sample DNA and the standard DNA. and a degree of such difference). Any conventional 
5 echnique may be employed for the measurement depending on the label used. For example when the 
label used is a radioisotope, simply radioactivity may be measured, and when tne label -s a fluorescent 
substance, simply fluorescence intensity may be measured w,th a fluorometer (see JP-A 1-252300) 

On the other hand, when a label other than the directly detectable label is introduced in the primer a 
reagent that enables an indirect measurement of the introduced label is utilized. Exemplary reagents used 
0 for such measurement are a complex of avidin or streptavidm with an enzyme when the label is b.otin- and 
an antibody-enzyme complex wherein an antibody capable of specifically binding to the hapten is bound to 
an enzyme and a substrate for the enzyme when the label is a hapten. When such a reagent .s used the 
reagent reacts with the label to produce a component that can be detected by color or fluorescent means 
With respect to the enzyme and substrate that may be used .n such reagents. 2-nitrophenol ^a-D- 
. galactoside. 4-methylumbeliferyl-;3-D-galactoside. etc. may be used as the substrate when the enzyme is 
u-galactosidase: 3-(4-hydroxyphenyl)propionic acid. 3.3-.5.5'-tetramethylbenzid.ne. 1 .2-phenylenediamine 
etc. may be used as the substrate when the enzyrt.e .s peroxioase: 4-methylumbeliferyl phosphate NADP 
4.nitrophenyl phosphate, etc. may be used as the substrate when the enzyme ,s alkaline phosphatase^ 

ald^nLni ■ "'^'^ ^''^""^ 9'ticose-6-phosphate dehydrogenase.' 

and ethanol. NAD. etc. may be used as the substrate when the enzyme .s alcohol dehydrogenase 

,ni H I °' '•^e hybridization product is earned out by trapping it on a solid phase matrix The 

solid phase matnx used herein is the one capable of specifically binding with the solid matnx-bmding site 

tha has been introduced m the pnmer. An exemplary solid phase matrix .s a microliter plate which .s 

p.etreaied so that microt.ter wells may specifically bind with the matrix-bindmg site of the primer 

The results of measurement are described below When no mutation is present ,n the gene region of 

-merest in the sample, the measu.ament w.ii have a significantly low value because of dilution with the 

oxcoss of the unlabeled standard DNA as previously dcsc.bed m con.unction with the s^:-,;,natir v,ow -m 

Mbb. to 3. When all genes are :-utant. the mcasu.emeni a.ii have n high value since the labeled DNA 
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(0. Lerup e, a... Tissue Antigens. 39. Ss TsS^me res^STha?.'?!"'' ''''' ^^""^SP -e.hod 

a nsk Of inaccurate determination ITnce there is a Lo. 1 r 1 "'^ '""'P'^ homoallelic leave 

type. However, the methoC of .he present nventS^c^^^^ T'^' '° - -^"Own 

homoallelic. in addi,.on.. hen analysis. srnadeacco^Jna,^^^^^^^ "'^"^^^ ^^^P'^ 

spearnen a,T,plified w.th a labeled primer as the laSd DnI ' """^ "^"^^ °' 

amp ,f,ed with an unlabeled primer having the same setence as °' ^P^=-en 

the two specimens examined can be confirmed whetheraHetestn Z Zf ' ^^^^ °' 

one another. This would be an effective means for ^arcoln main ^""'^^'"''y with 

Next, the assay kit for nucleic acid diffpr^n « transplantation surgery, 

sequence matching of ^^^cJc aoT^ r^^^^ '° T''^'^''' the 

present invention. As described above this assay krcom^rS^^ " '''' '^'"«^«"««i"9 method of the 
gene ,n a particular region of the targe n clera'^ =-P"'y'"9 the 

matching with the gene amplified with said primers '''"''^^ ^''^ '° ''^ «^^'"-'ed Tor is 

fp^rC- aTe^bler ^r^^^^^^^^^ -on of the target nucleic acid 

.s also the same as P—^Sr ^ ^.^^^^ 

- Je Sr^r:™^^^^ -ntlon is used in accordance 

a'nplifying pnmers with a specimen that has Soi b Jl k '"*'''"9 9ene 

d.srup,.on and adding amplifying reagents to the ^^e am., , ' P^«^^«-"^ent such as cell 

- .n the specimen, adding ,he unlabeled s.andardTNArer^^^^^^ ^^9'°" °' ''^^ '^^Qet nucleic 

Place, trapping the hybrid on a matrix to measure a deoree oft T'"^ ^o-^P^titive hybridization ,o take 

the standard DNA. The am.Mify.ng reagents an74S used h '''°" ^^'"P'^ D^A and 

particularly those examples Previously'de s ribedTo he"n^^^^^^^^ '^"p-" - the ar,. more 

-nvention. The nucleic ac.d discnmma ng assay kit of he Isen, "^'"^^^"''-""S -ethod of the present 

with such amplifying reagents and matrix ^o^^P'eted by combining 

Prese^rZ'Ve^ '7 ^^^^-'T ^'^ ^ —9 to the 

solution for washing the amplified product an Lt i^^^^^^^^ for specimen pretreatment. a washing 
a reagent for indirectly rr^easuring the lalrani othe com""^ "^'^^ the reaction solution 

acd differentiating method of the preSen, Inv^nJon ? e n^^^^^^^ '^^ ""C'e c 

'"lS:S^rr^^ '-'^^ -.n-^r: J::^^^^^^^^^^^^^ o, .e prese. 

--.Mheprese^ntre=:;.^~^^ -.strating .he present invention 



Example t 
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PG-2 ^'^^G^^GGCCAATCTACTCCCAG 

S'CAACTTCATCCar-GTTCACC 
Amplication of the DNA by thr^ PGR tPrhn... „ 

.1. technicue was carried ou, by using PBG-.-NH. „00 ng. ano PG- 
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2-NH; (100 ng) with pBGN (I ng) or PBGM (1 ng) as described below as a template in the presence of 200 
uM of four types of dNTP m lOO ui of a reaction solution containing 67 rr\t\A tnshydrochtonc acid buffer (pH 
8.8). 16.6 mM (NH^bSOi. 6.7 mM MgCI-. 10 mM 2-mercaptoemanol. and 2 units of Tth DNA polymerase. 
The reaction was performed by heating the reaction system at 94 • C for 5 minutes and repeating 30 cycles 
of 94 -C for 30 seconds, 50'C for 30 seconds, and 72'C for 60 seconds. Tne resulting reaction solution 
was used as an unlabeled standard DNA solution. 

Separately. PG-2-DNP (100 ng) and PBG-1-BiO (100 ng) with pBGN (1 ngi or pBGM (1 ng) were mixed 
and amplification by PCR technique was carried out in the presence of 200 ulVI of four types of dNTP under 
the same conditions as cescribed above. There was obtained a labeled sampie DNA solution. 
PBG-1-Bto 

Biotin-5'GGGTTGGCCAATCTACTCCCAG 

PG-2-DNP 

DNP-5'CAACTTCATCCACGTTCACC 

PBG-I-NH2 

NH2-5'GGGTTGGCCAATCTACTCCCAG 

PG-2-NH2 

NH. -S'CAACTTCATCCACGTTCACC 

pBGN 

A plasmid having normal human ^-globin gene 

pBGM 

A ptasmid having one base mutation. Glu (GAG) — Val (GTG) at 6th amino acid 
The amplified products in the standard DNA solution and sampie DNA solution were respectively 
confirmee for their size oy agarose gel electrophoresis to find that they were produced in substantially the 
same amount. 



Competitive hybridization 

The standard DNA solution and the sample DNA solution were mixed, and water was added to 30 ul. 6 
ul of 20. SSC (0.3 M sodium citrate. pH 7.0. 0.3 M sodium chloride) was added to the mixture, and mineral 
01! was overlaid. The mixture was heated to 98*C for 10 minutes, and gradually cooled to 58' C at a rate of 
1 'C per 6 to 10 minutes using a gene amplifier (Thermal-Cycler PJ2000. Perkm-Eimer). A 20-llI aliquot was 
taken out of the reaction solution for detection. Note that the unlabeled standard DNA solution used was 
denved from the pBGN. The labeled sample solution used was derived from the pBGN or pBGM. or a 
mixture of them in equal amounts. Analysis was made while varying the volume ratio of the unlabeled 
standard DNA solution ;c the labeled sample DNA solution. 

Detection 



The molecules rest tmg from competitive hybridization and simultaneously having both the biotin label 
and the DNP label on the 5*-terminaf of each strand are detected. 

To a microtiter plate having immobilized thereon streptavidin is added 100 ul of 50 mM tris- 
hydrochloric acid (pH 7.5). 0.15 M NaCI. and 0.05% Tween 20 containing an anti-DNP mouse IgG-alkaline 
phosphatase complex. 20 ul of the hybridization solution was added thereto. After admixing, the plate was 
incubated at 25 -C for 30 minutes and washed three times with 300 ul of the same solution except 
antiboay-enzyme comp.ex. To this microliter plate was added lOO ul of IIVI diethanolamine (pH 9.8) and 0.5 
mM MgCb containing 4 mg.ml of p-nitrophenyl phosphate, and color development was effected at 25'C for 
1 hour. The yellow cole daveloped -Aas measured in terms cf absorbance at 405 nrn usirig a piate reader. 
It should be noted that Hybridization was simultaneously carried out in two tubes, and the measurements 
were averaged. 

Competitive hybridcatton was carried out while varying the mixing ratio of the standard DNA solution to 
the sample DNA solutic. The resulting "duplex strand DNA having the DNP label on one strand and the 
biotin label on the other itrand" was detected. The results are shown in Table 2. 
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Sample DNA (labeled) 



/5 



Normal (pBGN) 

Noramt fpBGN) FmIx of normal (pBGN) and mutan t (oBam 



Mix of normal (pBGN) and mutant (pBGM) 



Noraml (pBGN) 
Noraml (pBGN) 
Noraml (pBGN) 



Normal (pBGN) 
Mix of normal (pBGN) and mu tant (pBGM) 
Mutant (pBGM) 



10:1 



5:1 
5:1 
5:1 



20 



0.369 
0.631 
1-150 



Comparative Example 



25 



solution oreparea b, „si„o « mlXMa ZZllZ T " s^mol. DNA 

con..„..„„,,.„,„,„,,^;^f^°';«^~^^^ Tbo ,o™*, 
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Table 3 
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Standard DNA 


Sample 


Absorbance (A405) 


Normal (pBGN) 


Norma! 


0.16 


Normal (pBGN) 


Normal + Mi ^ant 


0.20 


Normal (pBGN) 


Mutant 


1.02 



40 



45 
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""""" °»- -* . aZtxjLro ™r„;.'° 

Example 2 

or PKY-, as described below w.th prin^is. PHR- ranrPHR 2 1? '^f'" ^'"^"'^-9 
Amplification was carried out as in P«Jl7 , ""'^ "'^s used for exper.ment. 

('00 ng, as described belfw ^ "pS.frpKVo^r^jrarr"^/""^ "9' ''HR-2-8io 
labeled sample DNA solution. Separately pSK 2 ' J -L , . " '^"'P'^'^- "^taming a 

NH. as described below, obtaining Tn'uS.ed s aZr^^^^^ T ""'^-^"-^ 2' 

conf..ed , or ..e.r amount and leng b by agarose g j^^"^^.^^^^^^^^^^^^^ P^o^-ts were 
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PHR.2 
PHR-l-DNP 



5'ATGACGGAATATAAGCTGGTG 
5'CTCTATAGTGGGGTCGTATTC 
DNP-S'ATGACGGAATATAAGCTGGTG 
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PHR-2-Bio 
PHR-I-NH: 
PHR-2-NH3 
pSK.2 

pKY-1 



BfO-5'CTCTATAGTGGGGTCGTATTC 
NH.-S'ATGACGGAATATAAGCTGGTG 
NH2-5*CTCTATAGTGGGGTCGTATTC 

A plasmid containing normal ras gene (T. Sekiya. Gann. 74. 794. 1983) available 
irom JCRB (Japan Cancer Research Resources Bank), 

A ptasmid having a mutation at 12th codon (M. H. Kraus and Y. Yuasa. Nature 303 
775, 1983) available from JCRB (Japan Cancer Research Resources Bank). 

Competitive hybridization and detection 

, J on 'cc^^'"^ ^""^ ^^""P'® ""^'^ ^ater was added to 30 ul 6 " 

ui Of 20xSSC was added to this mixture and the detection was earned out as in Example K It should be 
noted that competitive hybridization was s.multaneously carried out m two tubes, and the measurements 
were averaged. The results are shown in Table 4. emems 

Table 4 



Standard DNA solution 


Sample DNA solution 


Standardrsample ratio 


Absorbance (A4Q5) 


Normal (pSK-2) 


Normal 


3:20 


0-122 


Normal (pSK-2) 


Norma! + Mutant 


3:20 


0.338 


Normal (pSK-2) 


Mutant 


3:20 


0.575 



.as^Lnfl f K ' ^'''^ *"erent,ating method of the present invention 

was effec ve for establ.sh.ng a defin.te discrimination among the sample wherem both alleles are normal 
the sample wherein one allele ,s mutant, and the sample where.n both alleles are mutant since the 

(Of Nir'hl w^,'?""'' "'""5" °' absorbance. On the contrary, the conventional method 

<of Nicholas et al.) fa.led to differentiate the sample wherein both alleles are normal and the sample wt,ere.n 
one allele ,s normal and the other allele ,s mutant since there was no significant difference between them. 

Example 3 

whPr!.!„l?r """"" °' '°"^°9«"^' '° "orr^at DNA as a model simulating a state 

follows, to see whether such a state could be detected by the inventive method 

Human c-H-ras gene (derived from pSK-2) was used as the normal DNA. and human c-H-ras qene 

oL. ^° '''^^ "'^ "^^^ 3' a percentage of 0%. 5-, lO-o 

PHR-i-ONP and PHR-2-B.0. obtaining a labeled sample DNA solution 

an u^abSdliaZdrA^ ' °' '^"'""^ '"""-'^"^ ^"^ °^--9 

mo.a?ralfo'TnMr",T ^'^""^^'^ ^^'^ ^^'^ ^-^^ s° to give a 

Deletion wa mTn c" ""'""^^ '^-"^tunng and annealing. 

Detection was made as in Example l. The results are show ,n Table 5. Also the absorbance I 
^grammatically Plotted relative to the ratio of mutant to norma, genes based on an Ibslance o , Tt. 
s^ple wherein the proportion of the mutant DNA m relation to the norma, DNA is .OO'o. This is shown ,n 
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Table 5 



;5 



20 



Proportion of mutant DNA 
relative to normal gene 


AbsorbarKe (A405) 


0% 


0.045 


5% 


0.079 


10% 


0.101 


25% 


0.146 


50% 


0.304 


100% 


0.563 



even When rnrnn^- f " ' ' " ^'9""''=^ '^'"^^^"'^^ absorbance is observed 

ItanT DNl orn'. h T""' ^""^ '° ^''^ " ''''' ""''^ ' between the 

mutant DNA proportion and the absorbance. and that detection is easy even when the amount of Z J.n» 

not on.: VeTectrr """^^ T""' °' -etho?rn3b e 

ra oT c s wthllTanS °' '''^ '° ^'^^-'^--^ 
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Example 4 

Genetic diagnosis of cvstic fibrosis 

Human CFTR (cystic fibrosis transmembrane conductance regulator) qene is believf^d fn ^^.^ 
respons.ble for cyst.c fibrosis. This disease .s manifested only when both alf^s o thfs gene re abno^a 

Who transmit the causal genes to their descendant. Therefore, the genetic diagnosis of CFTR rZ Zl 

aSziirr - ' ™- - 

thPr.''h!"Ll°°° °/ 'f^is gene result from deletion of 508th phenylalanine However 

Tpecif-c '^^^^ °' "^"'^'^^"^ "^"^ "^^'^ type a , diversified and non: 

both'^rif..pT"''" """" '° "'"'""^ ^« 0"'y one allele is mutant or 

" '° ^^"'''^ '''''''' -^-'^ - -tation bas^d on the 

.tLrr^^^^^^^^^^^ - -cted .n thi^ S^amp^rarS 

Table 6 ? 



so 
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Exon 


Type Of the mutation 


Exon 4 


621 + 1G > T 


Exon 10 


AF508 


Exon 1 1 


G551D 


Exon 21 


N1303K 
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( 1 ) Examination of exon 4 
Preparation of a sample 

A part o) exon 4 was amplified by using human chromosome DNA as a template, and incorporated mto 
primers CF04P101 and CF04M101 as shown below. 
CF04P101 

5ATTGTGAGGACACTGCTCCTACACCCAGCC 
CF04M101 ^ 
5TACGATACAGAATATATGTGCCATGGGGCC 
PGR amplification was carried out by using CF04Pl0i-OH (100 ng) and CF04M101-OH (100 ng) with l 
ug of normal human chromosome as the template in the presence of 200 uM of four types of dNTP in lOO 
ul of a reaction solution containing 67 mlVl tris-hydrochloric acid buffer (pH 8.8). 16.6 mM (NH:)2S04, 6.7 
mlVl MgCl:. 10 mlA 2-mercaptoethanol. and 2 units of Tth DNA polymerase. The reaction was performed by 
heating the reaction system to 94 'C for 5 minutes and repeating 35 cycles of 94*C for 30 seconds, 60 'C 
for 30 seconds, and 72 • C for 60 seconds. 

The reaction solution was separated by agarose electrophoresis to obtain a fragment of about 230 bp. 
This fragment was introduced into Smal site of pUCli9. With the base sequence confirmed, this was 
designated pEX4N. 

A point mutation was introduced in the gene by the overlap extension mutagenesis technique (Steffan 
N. Ho et al.. Gene, 77. 51-59. 1989) using the pEX4N as the template and using four primers. CF04P101 
and CF04M101 as described above and CF04621P and CF04621M as described below, obtaining a gene of 
621 + 1G > T. With the base sequence confirmed, this was designated pEX4M. 
CF04621P 

GATTTATAAGAAGTTAATACTTCCTTGCACAG 

CF04621M 

AAGTATTAACTTCTTATAAATCAAACT 
Detection of mutant gene 

An unlabeled standaid DNA was prepared as descnbed beiow. 

PGR amplification was carried out by using CF04P101-NH2 (lOO ng) and CF04fVI101 -NHj (100 ng) 
together with the above-mentioned pEX4N (l ng) and also using a reaction solution of the same 
composition as used for the preparation of the sample. 

Separately, a labelec sannple DNA was prepared by carrying out PGR amplification using CF04P101- 
Bio (100 ng) and CF04Mi0l-ONP (100 ng) together with a plasmid as described beiow as the template. 
Normal: i ng of pEX4N 

Mutation in one allele: 0.5 ng of pEX4N 0.5 ng of DEX4f^ 
f^utation in both alleles: l ng of pEX4fvi 
The amplified products in the standard DNA solution and the sample DNA solution were evaluated for 
size by agarose get electrophoresis to find that the they were produced in a substantially equal amount. 

Competitive hybridization 

The sample DNA solution was mixed with a 20-fold amount of the standard DNA solution under the 
conditions of Example I. The reaction solution was heated to 98 'G for 10 minutes, and the temperature 
was gradually decrease-^ to 68 'C at a rate of i 'C 10 mm. A 20-aI aliquot was taken out of the rt>action 
solution, and the molecules resulting from competitive Hybridization and having both the biotin and DNP 
labels on 5'-terminal of tneir strands were detected by the same procedure as in Example 1. The results are 
shown in Table 7. • 
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(I) Exarnrnation of exon 4 
Preparation of a sampiP 

.2ri°o«"; rc^rr rrzr: ™* « » - — - 

CF04P101 

CF04M10I ^■^"^■rGTGAGGACACTGCTCCTACACCCAGCC 

„„„ 5TACGATACAGAATATATGTGCCATGGGGCC 

amplification was carried out bv usina CFOdPim nw /mn , ^ 
ug Of norma, human ct,romosome as the' Z^te nTJ ^^^^^^^^^^ "^^ ^"^ ' 

ul of a reaction solution containinq 67 mM tri.: hvrir«.hi/. wl L '^^^ °' "^^TP in 100 

designated pEX4N. puouy. with the base sequence confirmed, this was 

Jo^rp'^ ~ «3^Tre „i?r = »' 



CF04621M 



40 



-^5 



50 



GATTTATAAGAAGTTAATACTTCCTTGCACAG 

AAGTATTAACTTCTTATAAATCAAACT 
Detection of mutant qphp 

An unlabeled standard DNA was prepared as descnbed below 

fUH amplification was carried out by usina CF04Pini nh ,,nn , 
togetf^er witf, the above-mentioned pEX4N (T ng? and also u nn CF04M,0,-NH. (,oo ng, 

composition as used for the preparation of the sample ^ ' °' ^^-e 

B,o nri^nd^crM^aTr; r n^noX " -T'^^. '"'^ ^'"^""-^ ^^04P,0,- 
Normal: , ng Of PEX4N ' '^'^P'ate. 
Mutation in one allele: 0.5 ng of pEX4N 0.5 ng of pEX4M 
Mutation ,n both alleles: i ng of pEX4M ^ ^ 

Competitrve hybridization 
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(3) Examination of exon I \ 



w 



With respect to axon 1 1. G55ID was used as a model. 
5 Preparation of a sample 

uo, ""trl ^^^^1'^°^-^^ ^9) and CFHMIOI-OH (100 ng) together with human chromosome ONA (i 
ugh PGR amphhcation was earned out by the same procedure as described for exon 4. The amnl.fied 
°CR 1 J,!'^"''^ ^ P'^^"^'^ P^^"^^ ^ P'asm-d pEXl 1 N having the^ormal gene 

5"GAAGGAAGATGTGCCTTTCAAATTCAGATTG 

CFimiOl- 

5'ATGACATTTACAGCAAATGCTTGCTAGACC 
OH anTSii%S^^ Pri-ers CF11P101-OH and CFIIMIOLOH as descnbed above and CFti-sSlP- 
OH and CFn.55lM.OH as descnbed below together with pEXliN as the template a olasm.d r.Fyi,i^ 
CF1 "str ^^^'^ mutagenesis rieZd 

5'CACTGAGTGGAGATCAACGAGCAAGAATTTCT 

CF11-551M- 

5'GCTCGTTGATCTCCACTCAGTGTGATTC 



20 



25 



30 



35 



Detection of gene mutation 

and CFMlorNH' ''^""^^ ampiificafon us.ng CFnP,0,-NH, „00 ng, 

ana ui-Mioi-NH2 (100 ng) together with pEXllN (1 ng). 

CFj',ot'DNPnoOnn>f''V'' '^^^ amplification using CFIIPIOI-Bio (100 ng, and 

^.^-mo^ DNP (lOO ng, together w,th a plasmid as described below as the template 

IngofpEXlIN ' 

Mutation in one allele: 0.5 ng of pEXl 1 N 0.5 ng of pEXi i M 

Mutatron in both alleles: i ng of pEXl m 

d«.^f H '^'""'"^ ""'^^^'^"^ '""'^^'^ ^""^ '^'^^'^'^ ^^^Ple DMA. gene rriutation was detected as 
c~n;re;.- ^"'^ ^ - fvp'S b^e^ 

Ta' le 9 



Standard DNA solution (unlabeled) 


Sample DNA solution (labeled) 


Absorbance (A405) 


Normal (pEXlIN origin) 


Normal (pEX1 1 N) 


0.08 


Normal (pEXIIN origin) 


Mix of normal (pEXl IN) and mutant (pEXllM) 


0.48 


Normal (pEX UN origin) 


Mutant (pEXlIM) 


1-90 



^5 



SO 
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(4) Examination of exon 2i 

With respect to exon 2l . Ni 303K mutation was used as a model 

ug)Tp,as^d'pEX2°N'r:o* ^^^'^'^''O" '^0° "9) 'OQamer with human chromosome DNA „ 
procedure '^'"'^"^^^ --co^ctance w.,h the above-described 

CF21PI01- 

CF21M101 ^''^^'^GAACTTGATGGTAAGTACATGGGTGTT 

STTAGCAGCCTTACCTCATCTGCAACTTTCC 

noaP-oTa^d SS!Zmo7':- ""/''IZT as descnbed above and CF2-. 

pEX2,MhaZm3Ji n't^^^^ described below toge.h., wi.h pEX2,N as the template, a plasm.d 
P ^ M naving NI303K mutation -.as produced by the overlap e.rtension ,n... agenesis inothd. 
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75 
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25 



CF21-I303P- 



CF21-I303M- 



S'CATTTAGAAAAAAGTTGGATCCCTATGAACA 
5'GGGATCCAACTTTTTTCTAAATGTTCCAG 



and 



Detection of gene mutation 

Mutation rn one allele: 0.5 ng of pEX2l N 

. .. O.Sngof PEX21M 

Mutation in both alleles: i ng of pEX21 M 

be clearly distinguished. ^ ^^^'^ ^O- '^e three gene types could 



Standard DNA solution (unlabeled) 



Normal (pEX2lN ongin) 
Normal (pEX2 IN origin) 



Table 10 

Sample DNA so lution (labeled) 
Normal (pEX 2lN) 
Mix of normal (pEX21N) and mutant (pEX 2lM^ 
Mutant {pEX2lM) 



30 




Absorbance (A405) 
0.20 
0.51 
1.16 



at ttie 5--terminal of each strand. ^"''^"^ ^""^ ^" ^^^ditional sequence. ^ CCt' 



^0 



Unlabeled DNA ^'CCT. 

3-GGA" 

Labeled DNA z 



AGG'' 
TCCs. 



45 



(1) Preparation of pUC-Sfi Stu 
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w 



A BamHI 




(2) Preparation of pUC-Sfi-Stu-EXlO 



(1) 



75 
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nPy^l ^^^^'^^ by "smg CF-lO-LigU (100 ng) and CF-lO-UgL (100 ng) together w.th 

PEXION (1 ng) as the template. The amplified product was cleaved with Sf.L and a fragment of about 190 
bp was recovered by agarose gel electrophoresis. This fragment was inserted into the pUC-Sfi/Stu that had 
been cleaved w.th Sfi. W.th the base sequence confirmed, there was obtained pUC-Sfi^Stu-ExlO wh ch is 
represented by the following restnct.on enzyme map (2) 
CF-10-LigU 

5'OH-TTTAGGCCTAAAAGGCCTGATTATGGGAGAACTGGA 

CF-10-LigL 

5'OH-CCCAGGCCTTTTAGGCCTCTTCTAGTTGGCATGCTT 



2S 



A BamHI 



30 




- • (2) 



(3) Preparation of pUC-EXlOLig 
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aoarose Z Vr. T . " '"'^'^ ^ '^^9"^"' °' '^^ bp was refined by 

Saved ^^L iT^'TT .'^'nMi''" "^^'^"^ '° °' P^^^'^'-'-Stu that had been' 

tlTJ^ ! ■• transform- rd therew.th. A piasmid was produced from the 

S>res"mS b^^^^ PUC.EXiOL,g conta.ning abou, ,5 .andem.y i.ga.ed fragmen.s containing exon , O a! 

r,r;"rrco^^:;:-ngiTor,;"'""" ^^^"^^ '-^^ ^^'^ ^'^^^^ ^'--^ -^'^ " - 
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Dete ction of gene mutation using pUC-EXlOLio as unlabeled standard DNA 

CF10M101-DNP (100 ng) together with a plasm.d as descnbed below as the template 
^0''^^': 1 ngofpEXION 

Mutation in one allele: 0.5 ng of pEXlON 
0-5 ng of pEXlOM 
Mutation in both alleles: i ng of pEXlOM 
An unlabeled standard DNA used the following (a) to (d) 

Lie' p«l'''"'' '"^"^ '^^^ '3'- -s used Without 

(c) pUC-EXlOUg cleaved with StuI (AatI) (see restriction enzyme map (3). above) with further seoarat.on 
by agarose gel electrophoresis to purify a fragment cor,taining axon 10 '"^f^er separation 

(d) pUC-EXlOL.g cleaved by EcoRI-Hindlll (see restriction enzyme map (3) above) 

Table 1 1 



Sample DNA solution (labeled) 


Preparation of standard DNA (unlabeled) 


a 


b 


c 


d 


Normal (pEXlON origin) 


0,07 


0 14 


0.15 


0.84 


Mix of normal (pEXtON) and mutant (pEXlOM) 


0.28 


0.38 


0,33 


0.81 


Mutant (pEXlOM) 


0.74 


0.86 


0.72 


0.78 



As shown in Table 11, the standard DNAs prepared by the methods of (hi and ^, 
ToT": """^ '^^ "^^'^^^ °' ^'^^ had beTn repared b th 'p'cR're;;^ On 

la^demr;,^."'^""'"^ "° ^^^''^^"^^ - °' (^). w'crrrained 

The aoove resulls indi -ate mai an unlabelea slaMata DNA can u, .aiisteiorti. ™. 

can b, „»a .mou, ,„„ne. punfcason. ,, « seen ma, me unlaMlea DNA ha.^ a 

.he present .nvent.on plays a great role in diagnosis of genetic diseases or in DNA d'agno"^^^^^^^ °' 
Claims 



laaTl "^^'^^ differentiating a gene .n a part.cu.ar region of a target nucle.c 

acd .n a specimen, characterized by comprising the steps of preparing a labeled DNA bv lf?l „^ 

nu^TeicT^aS °' '^^ ""'^'^ ^'^ 'p--" " i-g' a'^ 

onmer '"^"^'"P'"^:"^ ^"""^'^ ^°'^P"^'"9 ^ P"-er having a detectable label introduced therein and a 
Smote DN? ' ' -^trix-binding site introduced therein, usmg the resulting tabid DNA as a 
.ample DNA. using an unlabeled DNA specimen to be evaluated for its matchino with the .^^mnr. hm! 
as a standard DNA. adding at -.t an epu.mo.ar amount of sa.d standard dna To sa d DNA 
ejecting competitive hybndiza.ion. and thereafter measuring a ..gree of substilon beleen co.t 
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ptementary strands of said sample DNA and said standard DNA by utilizing said deteciaote label and 
said solid matrix-binding site, thereby determining {he matching between the nucleic acios. 

2. The differentiating method according to claim l wherem said unlabeled DNA soecimen to be evaluated 
5 for Its matching with the sample DNA has been prepared by a gene ampiitication technique (PCR 

technique) using a pair of primers. 

3. The differentiating method according to claim 1 wherem said unlabeled DNA specj/nen lo be evaluated 
for Its matching with the sample DNA has been prepared by a genetic engineering technique usmg a 

JO vector which can propagate in a host cell. 

4. The differentiating method according to any one of claims 1 to 3 wherein said particular region of a 
target nucleic acid in a specimen is a gene causing cystic fibrosis (CFTR gene). 

J5 5. An assay kit for nucleic acid differentiation, characterized by compnsing 

target nucleic acid-amplifying primers comprising a primer having a detectable label introduced 
therein and a primer having a solid matrix-binding site introduced therein, and 

an unlabeled DNA specimen to be evaluated for its matching with the gene amplified product 
amplified by said primers. 

20 

6. The assay kit for nucleic acid differentiation according to claim 5. further comprising 

a reagent for effecting gene amplification of a particular region of said target nucleic acid in a 
specimen, 

a matrix for trapping the nucleic acid having a solid matrix binding site: and 
25 a reagent for detecting the trapped gene. 
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FIG.4 
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